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INTRODUCTION
In this study, we wanted to explore the ability to produce picture-elicited narratives in a group of children/adolescents with hearing impairment (HI) and hearing aids (HA) and to compare their performance with that in normally hearing peers (NH) . It is now well-known that many children with HI like children with language impairment (LI) have difficulties with complex language activities like narration. (Reuterskiöld Wagner, Ibertsson, and Sahlén, 2010; Yoshinaga-Itano and Downey, 1996) .Very few studies have explored how written and spoken narration is associated in children/adolescents with HI or NH. The novelty of the present study lies in the comparison between spoken and written narration and in the inclusion of measures of the written product as well as the writing process.
Around fifty percent of children with mild/moderate sensorineural HI have been reported not to develop language typically (Gilbertsson and Kamhi, 1995; Sahlén and Hansson, 2006) . The language problems are, however, usually not as pervasive and persistent as in children with LI (Briscoe and Bishop, 2001) . In studies comparing children with LI and children with autism it has been found that it is the cognitive/linguistic status of the child that more reliably predicts the development of complex language skills like narration than the clinical category (Norbury and Bishop, 2003; Miniscalco, 2007) . This is probably also the case in children with HI. To produce a narrative is a capacity-demanding task, requiring a range of linguistic, cognitive and social skills. The ability develops through childhood and adolescence and is very important for educational performance and academic success. Spoken narration in children with mild/moderate HI has been studied (Reuterskiöld Wagner et al. 2010; Greenfield 2002) but to our knowledge no studies have so far been published about the relationship between spoken and written narration in the participants. Although written narration is related to spoken narration, the special demands are different and we thus believe that the exploration of written narration in this group would be of interest. Associations between measures of different aspects of spoken and written language in younger and older participants can shed light on the developmental differentiation between spoken and written language. Children are exposed to narratives from early age, and learn, with increasing linguistic, cognitive and social skills, to produce their own stories. At first, the structure may be simple and contain only a beginning and an ending, but with age the narratives become more complex.
The narrative product is typically analyzed at macro and micro levels. In the present study, analyses of both these levels are made in spoken as well as in written narratives. At a macro level, an analysis of story grammar elements is made in order to capture the overall organization and planning of the narrative. In our culture, a narrative typically includes a sequence of elements or components (setting, initiating event, reaction, attempt, consequence and resolution), usually referred to as story grammar units (Stein and Glenn, 1979 ). The narrator must be able to simultaneously keep the overall organization of the story in mind and, at the same time, formulate the sentences and find the right words (Hedberg and Westby, 1993) . The organization of a narrative means special demands on working memory capacity. Working memory capacity refers to a system that makes it possible to simultaneously store and process information and adapt to the listener"s and reader"s needs. Organizational demands are different in different tasks and pictureelicited narrative tasks may put less strain on working memory capacity than personal narratives, where there is no picture support or in expositories.
At the micro level different methods of analysis are used. Lexical skills are considered to be at the core of narration (Norbury and Bishop, 2003) . Therefore we wanted to explore this further and study how lexical diversity and density interact with the organization of a story. Lexical diversity is considered to be a measure of the lexical variation, although it cannot be looked upon as a single ideal assessment of vocabulary richness (Malvern, Richards, Chipere and Durán, 2004) . Lexical diversity has been studied in picture-elicited narratives produced by 9 to17 year-old normally hearing children and adolescents speaking different languages. Differences for age, language and genre but not for modality (spoken or written) were reported by Berman and Verhoeven (2002) , whereas Strömquist, Johansson, Kriz, Ragnarsdóttir, Aisenman and Ravid (2002) , found a main effect for age as well as for modality in their cross-linguistic comparison. Yu (2009) investigated the relationship between lexical diversity and holistic quality measures in narrative samples (spoken and written) included in an international language test. The author found that there were significant correlations between the diversity measure and the ratings given. The diversity measure was a better predictor for spoken than for written performance. Further, the measures for spoken and written performance did not only correlate significantly, they were more or less at the same level. In a recent study by McNamara, Crossley and McCarthy (2010) , the authors found lexical diversity, as measured by the frequency of rare lexical items, to be one of the three most predictive indices of text quality in an investigation of texts produced by undergraduate students.
Lexical density is measured as the proportion of content words in texts and is often found to be higher in written texts than in spoken texts. The package of information as measured by the proportion of, for example nouns, verbs, adjectives and adverbs in written texts is thus more concentrated than in spoken texts according to Read (2000) . Johansson (2009) explored the developmental aspects of lexical diversity and density among normally hearing participants from 10 years of age and up to university students in spoken and written narrative and expository text production. The author found a stable proportion of content words over the years which was not dependent on genre but with a great modality difference (higher proportion of content words in written texts). Further, the two lexical measures (density and diversity) correlated significantly in written narratives for 17-year-olds and for university students but not for 10-year-olds and 13-year-olds. Johansson concluded that lexically, the older groups managed to produce texts which were both varied and dense, while the texts produced by the younger groups were more dense than varied. High density in narration could be associated with a more telegraphic style, used by younger children, and could thus be considered to reflect less sophisticated language in certain ages. Asker-Árnason, Ibertsson, Wass, Wengelin and Sahlén (2010) found density to be significantly higher in children with severe and profound HI (SPHI) with cochlear implants (CI) than in controls, and further, that in this group of 11-19 year-old children and adolescents, a high proportion of content words was associated with less developed narrative ability, a smaller proportion of complex clauses and with more spelling errors. These somewhat conflicting results raises the question whether children and adolescents with HI and HA perform more like typically developing and normally hearing age peers than the participants with SPHI and CI in our earlier study with respect to their proportion of content words.
The writing process has attracted many researchers during the last decades (Hayes and Flower, 1980; Kellogg, 1988; Dansac and Alamargot 1999; Olive and Kellogg, 2002; Behrns, Ahlsén and Wengelin, 2008) . Studying writing from a dynamic point of view might offer a "window to cognition" in writing. With new tools like keystroke logging programs it is possible to measure not only the written product but also temporal aspects of writing, for instance pause time. Pauses in writing are mainly thought to be used for planning and revision of the text, but could also reflect uncertainty with spelling. Wengelin (2002) found different pause patterns for a group of adult participants with reading-and writing difficulties, with more frequent pausing and more pauses within words compared to a control group. In an earlier study on the writing process in children and adolescents with SPHI with CI, Asker-Árnason et al. (2010) found that the older participants with CI used significantly more pause time than the normally hearing participants. The authors concluded that this might be due to an increased awareness of the limitations of writing proficiency in this age group (14-19 years) since pause times were not longer in the younger children with CI (11-13 years) as compared to controls. Based on these findings, we would, in the present study, expect the children and adolescents with HI and HA to have a larger proportion of pause time than normally hearing peers.
Written narration is associated to oral narration, but the processing conditions are different. The demands are higher with respect to that the possibility to make adjustments on-line does not exist. The writer and the reader are in different places and usually at different times, but on the other hand, the writer of a narrative has more time to formulate the story. Although new techniques and new media have opened up for "hybrids" between spoken and written communication, like on-line computer conversation, the difference between spoken and written modalities in the traditional setting is, that the speaker has eye-to eye contact with the listener/audience/conversational partner and that the spoken message is created in interaction. The writer, in the typical situation, does not share the context with the reader of his text. This makes it important for the writer to be more precise and include more specific information. On the other hand, she/he has less time pressure and also the possibility to revise the message in a reviewing process, in which she/he can give it the clarity and relevance needed for the reader to understand it.
This study is focussed on children with HI. A factor of importance is the child"s degree of hearing loss (Yoshinaga-Itano and Downey 1996) . The author investigated different aspects of narration in children with HI with different hearing deficits (mild to profound) and normally hearing peers and found a main effect for hearing loss, but also an interaction effect for age by hearing loss, which indicated a more pronounced improvement for the children with better hearing levels among the children with HI.
Purpose
The overall aim of this study was to explore narrative organization, text volume, lexical ability and pause time in picture-elicited narration in younger and older children with HI with hearing aids (HA) and to compare their performance with that of younger and older normally hearing children (NH) and also to explore the impact of modality (spoken and written), age and group and possible interaction effects.
Specifically, we also wanted to compare the relations between narrative organization, text volume and lexical abilities of spoken and written narration. investigate the relationship between the narrative organization and the measures of text volume, lexical abilities and pause time. find out if the hearing level in the participants with HI was associated to any of the investigated measures, since difficulties demonstrated by children with HI are not always proportional to the degree of hearing loss (Yoshinaga Itano and Downey,1996; Hansson, et al. 2004 ).
Based on earlier findings reported in the introduction we expected a range of interaction effects for modality, age and group on the above mentioned investigated measures.
METHOD Participants
The inclusion criteria for participation in this study were bilateral, sensorineural and symmetrical HI and chronological age between 10 and 18 years of age, Swedish as main language, and an IQ within normal limits. All children lived in the south of Sweden. Ten children with HI were recruited from the ENT department, Section of Audiology, at Lund university hospital by audiologists. All of them were mainstreamed. Ten children were recruited by a special teacher in a special school for children with HI. Totally 20 children and adolescents participated, 9 boys and 11 girls. Their age span ranged from 10;0 and 17;4 (Mean = 13;7, SD=2;0), and their BEHL (Best Ear Hearing Level) ranged from 24 -76 dB (Mean = 48.4 SD=15.3). It should be pointed out, that although the HI of the participants was defined as symmetrical, there is always some difference (up to 10 dB) between the hearing levels for the two ears. All children had been and were, at the time of testing, educated in oral settings.
The reference data from the children with NH were retrieved from two master theses, (both supervised by the first and the sixth author, and with the same methodological design as in the current study), Walldén and Åkerlund (2008) , and Gustafsson and Skog (2007) . These participants were all monolingual speakers of Swedish with no history of language problems, according to parents and teachers. In all, the number of children with NH was 63, 17 boys and 46 girls ranging in age from 11;2 to 17;2 with a mean age of 14;2.. For the group of children with HI, a median split was made, which resulted in younger participants (HIy) (n=10) < 13;2 (range 10;0-13;1) and older participants, (HIo) (n=10) >13;2 (range13;8-17;4) . In the group of NH, 27 participants were < 13;2 (range 11;2-13;1), referred to as NHy, and 36 were > 13;2 (range 14;4-17;2), referred to as NHo. The reason for making a split was the wide range in age and the intention to explore the impact of age on presumed group differences in the results.
The distribution between younger and older participants of children with HI and NH is presented in table 1. 
Procedure
Ten children were assessed by the first author at the department of logopedics, phoniatrics and audiology at Lund university hospital and the other ten were assessed by the third and fourth author at a school for children with HI.
The children were instructed to tell a story orally and subsequently write it on a computer. This order was used for all children, since the influence of written text is believed to be greater on oral presentations than vice versa (Nordquist 1998). The story was based on a selection of six pictures from the frog story "One frog too many" (Mayer & Mayer 1975 ). In the oral condition, the participant was first presented to the pictures one by one, and he/she was allowed to look at them in silence. After that, the participant was shown the pictures for a second time and was this time told to tell the story orally to a fictive person who could not see the pictures.
The written narratives were collected by means of the key-stroke logging program ScriptLog (Strömquist & Karlsson 2002b) . A key-stroke logging program is a computer tool, which enables the study of the actual writing process as well as the final written product. The program saves a record of all events that take place on the computer screen, like inactivity and editing, and the whole writing process can be replayed. The statistics can be retrieved in different ways according to the aims of the study. The same pictures as in the spoken condition appeared on the computer screen, one at a time. The participants were told that there was no need for the story to be exactly the same as in the spoken version. The participant could look at the picture and then click a button to make the next one appear. The whole written story was visible to the participant during the writing.
Measurement parameters
For the story grammar analysis, the following scoring system (slightly modified from Stein and Glenn 1979) was used. Three points could be obtained for the Setting of the story, one point for a Complicating action, three points for Reactions, manifested in actions or emotions, one point for Strategies, one point for Actions in solving the problem, one point for Consequence, three points for resolution, two points for Sense moral/ending, manifested in feelings, thoughts or action by the characters. The maximum score was thus 15 points. An example of the assessment for a written narrative is given in table 2. The spoken narratives were audio-and videotaped and later transcribed in CHAT format (Mac Whinney 2000) for further analyses in the CLAN programs (Mac Whinney 2000) . CLAN (Computerized Language ANalysis) is a program, specifically designed to analyze data transcribed in the format of the Child Language Data Exchange System. One of them is the CHAT format. The number of words were counted by the computer in the WORD program, both in spoken and written narratives. For the written narratives, the calculation was made for the final, edited text. For the spoken narratives, the transcriptions did leave out filled pauses and not finished words, but repetitions were counted.
Lexical density was measured by calculating the percent content words in the narratives, i.e. nouns, adjectives and verbs.
Lexical diversity (VocD) was calculated by means of the CLAN. The program makes a random selection of words and makes a prediction of the diversity. This method is favourable to the commonly used type token ratio, since it is considered to be independent of the length of the text. A minimum of 50 words is needed to carry out the analysis.
The percent pause time was only measured for the written condition, since there is no technical method available for a reliable measurement of pause time (which also have to include retaking and vocal mazes) in spoken narration. The pause time was calculated as all periods of inactivity > 2 seconds. A pause time criterion is not always easy to set, since it must be determined in relation to the computer writing skills of the participants, and exceed the normal transition time, e.g. the time between two key-strokes. The time that participants with less key-board skills use to find the right keys would otherwise be counted as pause time. Ideally, one would have to stipulate an individual criterion for every participant. A common way of solving the problem is to use a pause criterion that is suitable for the aim of the study (Wengelin, 2002) . In an earlier methodological study (Asker-Árnason, Wengelin, Sahlén 2008), the median transition time ranged between 0.23 and 1.11 seconds in a group of normally hearing 10-12-year old children. A pause criterion of 2 seconds was therefore judged to be sufficient for the group of investigated children/adolescents.
Reliability
The story grammar assessment and the lexical density calculation were carried out by the first author. The second author independently analysed 76/166 texts (46%) for story grammar and 72/166 (44%) for lexical density. A mixture from the two groups and the two modalities was used for the calculation. Rating reliability was assessed by means of intra-class correlations. The result for the story grammar assessments was r = .82 (p= .000) and for the lexical density assessment r = .87 (p= .000).
RESULTS

Descriptive data
In table 3, all descriptive data for all participants, the groups of HI and NH, are shown. The collapsed measures, marked in bold, are shown in order to clarify the values exposed in some of the figures. 48.6 (4.9)
45.1 (6.7)
41.6 (6.8) *For one of the participants in HIy, the number of words was not sufficient for the lexical diversity (VocD assessment in the CLAN program. The number of participants is thus one less than indicated above.
48
Comparison between modalities ages and groups
Two-way analyses of variance were conducted to explore the impact of modality, age and group and the possible interaction effects between these factors on story grammar, number of words, lexical density and lexical diversity, illustrated in fig 1-5. For the pause time variable ( fig.6) only measured in the written modality, a oneway ANOVA was carried out.
Story grammar
Main effects: There was a significant main effect for modality (F(1.79)=4.124, p=.046) ( fig. 1 ), higher scores for the written modality. There was no significant main effect for age, or for group.
Interaction effects: There was a significant interaction effect for modality and age, (F(1.79)=5.801, p=.018) ( fig.1) . The difference between the younger participants and the older participants in the written modality is more evident than in the spoken modality. Age and group: The difference between younger and older participants seemed more evident in the group of HI than in the group of NH story grammar measure, although it did not reach statistical significance ( fig.1 ).
Number of words
Main effects: There was a significant main effect for age, (F(1.79) = 5.238, p= .025), older participants used more words, (fig. 2 ), but no main effect was found for modality and group.
Interaction effects: There was a significant interaction effect for age and group, F(1.79) = 4.384, p = .039), (fig. 2) . In other words, as for the length of written as Main effect for modality (p< .05). Interaction effect for modality and age (p<. 05).
A tendency for a greater difference for the story grammar score between younger and older participants with HI than between the younger and older participants with NH. well as for spoken narratives, the increase in length for older participants was more prominent in the group of HI than in the group of NH, where the increase was minimal.
Main effect for age (p< .05) and interaction effect for age and group (p< .05).
Fig. 2. Number of words.
Lexical density
Main effects: There was a main effect for modality, (F(1.79) = 52.522, p= .000), ( fig. 3) , higher density for the written than for the spoken modality. There was no significant main effect for age and group.
Interaction effects: For modality and group (fig. 3 ), (F(1.79)= 6.190, p= .015). The score for the written condition was higher than for the spoken condition, but the difference between the two conditions was more obvious for the group of HI than for the group of NH.
Main effect for modality (p< .001). Interaction effect, modality and group (p < .05).
Fig. 3. Lexical density.
Lexical diversity
Main effects: There were significant main effects for modality ( fig.4 ) (F(1.78)= 62.178, p= .000), higher for written modality, for age ( fig.4 ) (F(1.78)=6.502. p= .013), higher for older participants, as well as for group: (F(1.78) = 6.502, p = 0.23), participants with NH had higher diversity. The individual results for the lexical diversity measure and the differences between groups are further exposed in fig. 5 .
Interaction effects: There were no significant interaction effects for the lexical diversity measure. Fig.5 . Individual results on lexical diversity, VocD-value for the spoken and written condition separately.
(Result for the written condition for one case (no 64) is missing, due to insufficient number of words).
Horizontal lines indicate mean results for the groups, in bold for the group of HI. Broken lines indicate means for the spoken condition and unbroken lines for the written condition.
Main effect for age (p< .05) and for group (p< .05). Main effect for modality (p< . 001).
Fig. 4. Lexical diversity.
Pause time
Main effects: There was a main effect for age ( fig. 6 ) (F(1.79)= 34.161, p= .000), lower in the older participants. No significant main effects for group were found.
Interaction effects:
There was no significant interaction effect for the pause time measure.
Main effect for age (p< .001). 
Summary of the fore mentioned results
Story grammar: Higher scores were obtained for written than for spoken narratives and older participants had higher scores than younger ones. Although not significant, the difference between younger and older participants was most salient in the group of HI.
Number of words:
Older participants produced more words than younger, but the difference was most prominent in the group of HI.
Lexical density:
The written narratives comprised of a higher proportion of content words than the spoken narratives, and this difference was larger for the group of HI.
There was no significant difference as to lexical density between younger and older participants.
Lexical diversity: Higher diversity was found for written than for spoken narratives for both groups and generally higher diversity for older than for younger participants. Higher diversity was found for the group of NH than for the group of HI.
Pause time: The older participants (with HI and with NH) used a lower proportion of pause time than the younger participants (with HI and with NH).
Intra group correlations
Partial correlations, with age controlled for, were conducted for the two entire groups of HI and NH in order to explore relations between spoken and written narration (table 4) . Partial correlations were also carried out to explore the relations between the narratives at macro level (story grammar scores) and at the micro level, (number of words, lexical measures and pause time) in corresponding modality (table 5) . Further, correlations between the BEHL and the narrative measures were carried out (table 6) .
Spoken and written narration, partial correlations for the groups of HI and NH
As can be seen in table 4, the correlations were significant between all the corresponding variables in the written and spoken modalities.
Also in the group of NH, correlations were significant between the corresponding variables in the written and spoken modality (table 4) . 
Story grammar, partial correlations for the groups of HI, and NH
In table 5, the results from the partial correlations for both groups, between the story grammar score in both modalities and the other variables in corresponding modality, are exposed. To sum up, the groups of HI and NH showed similar patterns regarding intra group correlations between corresponding measures of spoken and written narratives. Similar patterns were also seen concerning productivity and structure, (the more words produced, the higher the story grammar score). However, the groups differed as to relations between the story grammar measure and other measures. The result for the group of HI was negatively correlated to the percent pause time (the less pause time the higher story grammar score). The story grammar measure was positively associated to lexical measures for the group of NH.
BEHLpartial correlations for the group of HI
Significant correlations were present between the BEHL and the lexical density (spoken as well as written condition) and lexical diversity (written condition), as can be seen in table 6. In sum, participants with higher BEHL (poorer hearing) had significantly higher percent content words in both conditions, and lower lexical diversity in the written condition than participants with lower BEHL (better hearing). 
DISCUSSION
In this study, we explored spoken and written narration in 20 children and adolescents with HI and HA and 63 children and adolescents with NH. As expected, when younger and older participants with HI and NH were compared, older participants generally scored better and, although not always significant, the difference between younger and older participants with HI and NH tended to be greater in the HI-group than in the NHgroup. Further, higher scores were generally achieved in both groups on written than spoken narration, but performance in the two modalities was strongly associated in both groups of participants. The most striking difference between HI and NH was that the narratives produced by participant in the HI-group were less lexically diverse.
Lower best ear hearing levels as measured by BEHL in the HI-group were associated with less lexical variation in narratives. A range of other interesting links between narrative variables at macro and micro levels were found.
Higher story grammar scores were generally obtained for the written version of the narratives than for the spoken (fig. 1) . A possible explanation for this is that the participants already had told the story in a spoken version and were familiar with the pictures. They could thus put more effort in the planning of the story in the written version. A significant interaction effect was found for modality and age on the story grammar measure. For the younger participants, there was no or little difference between the scores on spoken and written narratives, but for the older participants, the difference was more obvious (fig.1 ). The explanation for this is probably that older children have encountered written texts to a higher degree than younger children. They have received professional feedback and rhetorical training at school on oral and written presentations and they have successively got more and more acquainted with principles used in different genres; narratives, expositories, argumentative presentations or texts. The gap thus seems to broaden between spoken and written language with age. There was also a trend towards a greater difference between younger and older participants in the group of HI in story grammar scores, ( fig.1 ).
There was a significant interaction effect for group and age (fig.2) on the length measure, the number of words, where the younger and older participants produced approximately the same amount of words (with the two modalities added) in the NH group, whereas in the HI group, the older participants produced more words than the younger. We interpret our findings as due to different points of departures and different growth curves in children with HI and NH. The participants with HI started out as less skilled narrators than the children with NH regarding both organisation and length but their development might be more obvious over time at least in the age spans studied here.
The higher lexical density in the written narratives ( fig. 3) was not a surprise. The spoken modality invites the use of pronouns because of the shared context between speaker and listener and also to the use of social expressions, comprising more function words (Johansson 2009 ). The interaction effect for modality and group regarding the lexical density measure showed that the difference between the two modalities was larger for the group of HI than for the group of NH ( fig. 3) . Our results showed no interaction for age and group. The lexical density was exactly the same (mean value) for the younger and older participants with HI and younger and older participants with NH, respectively, for the written modality. These results corroborate earlier results from a study on children and adolescents with SPHI and CI (Asker-Árnason et al. 2010), where the same picture sequence as in the present study was administered to the participants, and the findings also corroborate the results from Johansson (2009) . Our results indicate that the interaction between density and diversity in spoken narration might be different in children with HI. This will be further explored in future studies.
Higher lexical diversity was found in written narratives compared to spoken narratives, ( fig. 4 ) which might be due to the fact that the participants had already processed the story in a spoken version and they were thus familiar with the pictures when they were asked to produce the written story. Additionally, there is always more time to create at written narrative than a spoken, with the possibility of revising the text. This might also have given them the possibility to elaborate the lexical content to become more lexically diverse. There are, to our knowledge no studies on lexical diversity in children with HI, with one exception. Geers, Spehar and Sedey (2002) studied 8 to 9 year-old children with CI and found higher lexical diversity (as measured by different words per minute in elicited language samples ) among children using smaller proportion of signs in their expressive language than among children using a bigger proportion of signs. In this study, the difference regarding lexical diversity is striking between participants HI and NH ( fig. 4 and  fig. 5 ). Lexical diversity, the number of different words used in the text, is, of course, only one aspect of the text quality and not "the Holy Grale" (Malvern et al. 2004) . Vocabulary has been reported to be weak in many children with HI, even in children with fairly mild hearing deficits (Davis 1986; Sedey1998, Mayne,Yoshinaga-Itano, Sedey and Carey, 1998) . A question of relevance is why children with HI become less lexically diverse. One explanation is offered by Gathercole (2006) , who emphasizes the role of phonological skills in lexical development. Children with different degrees of HI, perform at a low level on phonological processing tasks (Hansson et al. 2004; Asker-Árnason et al. 2007 ). Due to low level auditory perceptual deficits, phonological representations in long term memory risk becoming more imprecise in children with HI than in children with NH. Distinct phonological representations are needed for phonological working memory, crucial for the short term recall of the sound patterns of novel verbal material. Novel word learning can thus become hampered in children with HI (Gathercole, 2006; Wass 2009 ). One must, however, remember that lexical variation and density in narratives do not necessarily tell anything about vocabulary skills in other contexts. There might be considerable trade-off effects between the demands on organization of a narrative and the demands of retrieval and mobilization of different words. If considerable mental resources are used for planning and organizing the narrative there might be fewer resources left for lexical elaboration. Older participants with HI and NH used less pause time than younger ( fig.6) . In our earlier studies on picture-elicited written narration (Asker-Árnason et al. 2008; Asker-Árnason et al. 2010) , the pause patterns for the groups of NH in both studies also showed a decrease in pause time with age. However, in children with severe to profound hearing impairment (SPHI) and CI, the amount of pause time did not differ between younger and older groups. Johansson (2009) , in her study on 10-19 year old children with NH, found no difference as to the amount of pause time (counting all pauses < 5 sec., except the last one), neither for age, nor for genre.
As noted earlier, children with mild or moderate HI and HA have a quite different point of departure compared to children with SPHI and CI regarding a range of factors. They differ from an audiological point of view, but also from an educational, since children with mild/moderate HI are more often mainstreamed (in this study 50%). At least in Sweden, children with CI have received more attention from professionals than children with HA (and maybe also from parents) and more rehabilitative efforts according to Ibertsson, (2009) . This may have made children with CI more aware of writing difficulties and more prone to take their time when writing than children with HI and HA. Several authors have pointed to what Ackerman (1981) called "performative bias" in children with HI with HA. This means that these children often solve language tasks they experience as difficult in a too speeded and unreflected manner.
Older participants generally used more words, had higher lexical diversity and used less pause time than younger ones. It is also clear that older participants in both groups were able to produce narratives that differed between modalities, i.e. they did not write the way they spoke. We interpret this as an indication that not only participants with NH, but also participants with HI, develop narrative modality awareness considerably during their teens. We thus have a more optimistic view on language development in children with HI than some authors (Allen 1986; Gallaudet Research Institute, 2000) who states that "the average young adult with HI demonstrate little semantic or syntactic language learning after age 12´.
Not unexpectedly, our results yield strong associations between oral and written narration, in both groups of children (table 4) . Spoken narration and written narration are closely related. The little child learns, from early age, the elements of a narrative, and becomes able to create a similar story, based on the structure to which he has been exposed, first orally and later on in a written version. In this study, the same pictures were used to elicit the spoken and written narratives, and it was therefore not surprising that the association between the measures from the two stories should be considerable. However, as mentioned above, there were significant differences between spoken and written narratives as to three out of four possible variables (story grammar score, lexical density and lexical diversity). What the significant correlations show is, that there are intra individual correspondences.
The overall organisation of the narratives was measured by story grammar. One research question was whether the story grammar measure correlated significantly with other narrative measures (table 5) . For both groups, the story grammar scores were associated with the length of the written narratives. In earlier studies on written narration, length was significantly correlated to the total narrative ability measurement, a measure of combined assessment of structure, conjunction use and introduction of referents, Crosson and Geers 2001) of the text both for hearing children (Asker-Árnason et al. 2006 ) and for children with CI (Asker-Árnason et al. 2010).
Length seems to be crucial for teacher"s judgment of quality of a narrative text. Hovén and Jakobsson (2010) found that the quality assessment made by school teachers correlated significantly with the number of words produced for the written expositories. The question is if a minimum number of words are needed to create a better quality narrative, or if teachers just judge a narrative comprising more words than one with fewer words as a better story.
One of the main findings in a study on written narration in children and adolescents with severe and profound HI and CI (Asker-Árnason et al. 2010) was the large amount of pause time used by participants above 13 years compared to their hearing peers. In this study, there was no significant difference between the group of HI and NH concerning the percent pause time used. However, for the group of HI, we found a high story grammar score to be significantly and negatively correlated to pause time used in the written narratives, (the better the structure of the written narratives, the lower the amount of pause time). The reasons for using more or less pause time may be different in different ages. For younger and for less skilled writers, the reason for having a large amount of pause time may be uncertainty with different aspects of producing the text, and small amount of pause time could thus be associated with a good text flow. For more skilled writers, a larger amount of pause time could be a sign of putting more effort into producing a high quality text.
In earlier studies (Asker-Árnason et al. 2008 , Asker-Árnason et al. 2010 , the measure for the overall structure also correlated significantly and negatively with the amount of pause time used for younger participants with NH and for participants with SPHI and CI, but not for older participants with NH, which strengthens this hypothesis.
The associations discussed above between use of pause time, story grammar and length must be interpreted in relation to the context. The links found here might be true for short, simple tasks like picture-elicited narration but not for other narratives or expository texts or more demanding writing tasks. These influences of different genres remain to be explored.
One unexpected finding was that the story grammar score was associated with the lexical measures in the group of NH and not in the group of participants with HI (table 5) . In an earlier study on children with SPHI and CI (Asker-Árnason et al., 2010), lexical density was found to be correlated to lower narrative ability, fewer complex clauses and more spelling errors for the group of CI, but not in the group of NH. In Hovén and Jakobsson (2010), lower lexical density was significantly correlated with longer narratives, and, longer narratives were also correlated with higher scores on an overall quality assessment. The lack of an association between lexical measures and story grammar in participants with HI in this study is therefore hard to explain but might be due to the small sample size.
We also wanted to find out about the relationship between hearing level and narrative measures (table 6) . Lexical density in both modalities and lexical diversity for the written modality were in this study related to the BEHL. Hansson et al. (2004) found no significant differences between children with mild HI (30-50dB) and moderate HI (50-70 dB), aged 4-7, on any of a range of language and word learning tests. We should, however, remember that in the study by Hansson et al. (2004) narration was not assessed and the BEHL"s in their participants were not completely comparable to the participants hearing levels in this study. The relation between better lexical skills and better hearing seems logical, since children with more accurate hearing have a better chance to learn more words.
Methodological considerations
Due to the heterogeneity in the investigated group of participants with HI with respect to age, auditory history and current hearing levels, the results must be interpreted with caution. The narrative task may be considered as fairly simple for this age group but we believe it was a good choice, since all children received the same input (pictures) and the feed back from the researcher could be reduced to a minimum.
A draw-back in the present study is that the comparison group of participants with NH consisted of a higher proportion of girls than the HI-group. Girls often develop faster linguistically. This might have been in favor of the NH group. There was, however, no statistically significant difference in performance between girls and boys in neither group.
There was a slight age difference between participants in the NH and HI groups (table 1). The difference between younger HI and younger NH was two months and between older HI and NH seven months. We consider these differences as negligible. For participants older than 13 years of age, we do not think an age difference of some months influences results (the participants were in the same school grades).
Conclusions
The investigated children and adolescents with HI in this study were heterogeneous as to their hearing levels and school settings. At a group level they resembled the normally hearing participants in many ways. However, a significant difference in lexical diversity, i.e. less varied vocabulary in spoken as well as in written narration was found. Another finding was the different patterns concerning lexical density in the two groups. This merits further investigation and preliminary results on the proportions of different types of content words in the spoken and written narratives in the above investigated groups reveal specific differences as to the relative proportion of adjectives in the written narratives, which seem to be lower in participants with HI than in participants with NH. Our results emphasize the importance of having focus on lexical ability in clinical and pedagogical settings for children with HI. A higher proportion of content words implicate a lower proportion of function words Therefore, in lexical assessments and intervention it is important not only to focus on content words but also on the function words.
Our results thus give support for a quite optimistic view on the development of narration in children with hearing impairment, at least for picture-elicited narratives. It remains to be seen if this holds for personal narratives, an issue that is currently being explored by the author.
